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Context: Dehydration and concussion are common in athletic
performance. Some experts have speculated that dehydration
may negatively influence performance on tests commonly used
for concussion assessment.
Objective: To determine how the signs and symptoms, neu-
ropsychological performance, and postural stability are affected
by dehydration.
Design: Repeated-measures design assessing subjects in
the euhydrated and dehydrated conditions.
Setting: Sports Medicine Research Laboratory.
Patients or Other Participants: Twenty-four healthy, male
recreational athletes participated in the study.
Intervention(s): Subjects participated in 2 counterbalanced
sessions (euhydrated and dehydrated) separated by at least 7
days. Subjects were dehydrated using fluid restriction and an
exercise task. No direct intervention was provided for the eu-
hydrated condition.
Main Outcome Measure(s): We used the Standardized As-
sessment of Concussion to test mental status, the Automated
Neuropsychological Assessment Metrics (ANAM) to evaluate
neuropsychological performance, the NeuroCom Sensory Or-
ganization Test and Balance Error Scoring System to test pos-
tural stability, the Graded Symptom Checklist to assess symp-
tom presence and severity in our participants, and urine specific
gravity and body mass to determine hydration status.
Results: No differences were noted for the Standardized As-
sessment of Concussion, total Balance Error Scoring System
errors, composite Sensory Organization Test, and composite
ANAM scores between conditions. Subjects in the dehydrated
condition had significant deterioration in visual memory (t23 
2.130, P  .001) and fatigue measures (t23  7.880, P 
.001) as assessed by ANAM. The dehydrated condition result-
ed in subjects reporting a significantly higher number (t23 
8.585, P  .001) and severity (t23  7.673, P  .001) of
symptoms than the euhydrated subjects on the Graded Symp-
tom Checklist.
Conclusions: Our results suggest that moderate dehydration
(2.5  0.63%) significantly influenced the self-report of symp-
toms commonly associated with concussion. Dehydration re-
sulted in a deterioration of visual memory and increases in the
self-report of fatigue. Despite these findings, dehydration did
not affect other neuropsychological and postural stability objec-
tive testing measures for concussion.
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Key Points
• Clinicians must gain a better understanding of how dehydration confounds the clinical evaluation of concussion.
• Moderate dehydration significantly influenced the self-report of symptoms commonly associated with concussion but did
not affect neuropsychological performance, brief mental status evaluation, or postural stability.
• The prudent clinician must rely on neuropsychological assessments, brief mental status examinations, postural stability
assessments, and the presence of amnesia to reinforce the physical evaluation of concussion.
• The certified athletic trainer should feel confident relying on suitable, inexpensive, and objective clinical sideline tools,
such as the Standardized Assessment of Concussion and Balance Error Scoring System, when differentiating concussion
and dehydration-related illness, as neither method is sensitive to changes induced by moderate dehydration.
Researchers in recent years have provided sports medi-cine professionals with new insight into the improvedassessment and management of sport-related concus-
sion, dehydration, and thermal illness. These advancements
have certainly increased our awareness of each aforementioned
condition; still, ongoing study is necessary to provide athletes
with the best interventions regarding the care, recognition, and
prevention of such injuries, as they may appear jointly.
Some experts have speculated that dehydration may con-
found measures of self-reported symptoms, neuropsycho-
logical performance, and postural stability when assessing
sport-related concussion. Moderate dehydration negatively
influences postural stability and neuropsychological perfor-
mance.1–4 Authors investigating the symptoms of heat-re-
lated illnesses and associated symptoms of dehydration also
indicate similarities with those of concussion.5–7 Symptoms
often relied on heavily in clinical practice such as headache
and dizziness are common to concussion, heat-related ill-
ness, and dehydration.8–11
The literature suggests that a clinical interaction between
concussion and dehydration may exist. It has been reported
that neurophysiologic demands among concussion, dehydra-
tion, and thermal stress are similar.12–14 Neurometabolic
changes that may occur after concussion include unmediated
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ionic fluxes, decreased cerebral blood flow, increased glucose
metabolism, and eventual lactic acidosis, hypoglycemia, and
ischemia, which lead to cell death.13 The sequelae of these
damaging processes closely relate to the timeline of alterations
in symptom status, cognition, and postural stability after con-
cussion.13,15–17
Thermal stress at the surface of the brain results in arteriole
constriction and eventual microvascular thrombosis.14 el-Sab-
ban and Fahim14 found that dehydration and food deprivation
exacerbated alterations to microvascular structures at the brain
under hyperthermic conditions. Dehydration increased glucose
utilization in parts of the forebrain by 30% to 73% in water-
deprived rats.12 Gross et al12 noted that glucose utilization in-
creased in the forebrain and decreased in other areas of the
brain. They concluded that many brain regions experienced
depressed metabolism in water-deprived rats.12 This increase
in glucose utilization in some brain areas and depressed me-
tabolism in other brain areas may have a critical relationship
with the neurophysiologic sequelae after concussion. It is pos-
sible that dehydration exacerbates the neurophysiologic chaos
evident with concussion.
Given the neuropsychological and postural stability decre-
ments due to dehydration, it is reasonable to speculate that
dehydration confounds our concussion assessment mea-
sures.1,18,19 Clinicians need a better understanding of how de-
hydration affects these measures to consider the effects of de-
hydration in their clinical evaluations and judgments.
We aimed to determine how dehydration affected the signs
and symptoms more commonly associated with concussion,
neuropsychological performance, and postural stability. The
implications of this study may assist certified athletic trainers,
sports medicine physicians, and neuropsychologists in more
accurately interpreting the results of concussion assessment
tools. This study may provide evidence of confounding vari-
ables in the interpretation of symptom checklists, neuropsy-
chological tests, and postural stability assessments. We hy-
pothesized that symptom scores, neuropsychological
performance, and postural stability would significantly dete-
riorate due to moderate dehydration.
METHODS
Research Design
We used a repeated-measures design to assess subjects in 2
conditions: euhydrated and dehydrated. The conditions were
counterbalanced and separated by at least 7 days. Subjects
wore loose athletic clothing and removed their shoes and socks
during testing for the balance tasks. The dehydrated session
lasted approximately 2 hours, 45 minutes, whereas the euhy-
drated session lasted only 50 minutes (euhydrated participants
did not participate in the exercise task). All testing was con-
ducted in a university sports medicine research facility. All
urine collections, weigh-ins, and rehydration periods were per-
formed or supervised by the principal investigator (A.V.P.).
The dehydration exercise task took place in the university-
based student recreation center. Although the risks were low,
all necessary steps were taken to avoid heat-related illness due
to dehydration. All environments were indoors and relatively
thermoneutral (20.0C to 22.8C). The principal investigator
contacted subjects by phone 4 to 6 hours after the dehydration
session to determine if they were experiencing any compli-
cations from the dehydration protocol. No subjects experi-
enced complications (eg, mild leg cramping or fatigue) as a
result of the protocol. The rehydration protocol was derived
from guidelines established by the National Athletic Trainers’
Association.20
Participants
Twenty-four healthy, male recreational athletes (age 
21.92  2.95 years, height  1.80  0.06 m, mass  80.70
 10.76 kg) volunteered to participate in the study. Subjects
had no history of physician-diagnosed concussion, severe
heat-related illness (including heatstroke), severe neck injury,
cardiovascular disease, or vestibular dysfunction. Participants
had no history of injury, treatment, or rehabilitation to the
lower extremity within the past 3 months that would affect
their performance on balance tasks. Subjects were physically
active (45 minutes of aerobic activity 3 to 4 times per week
at moderate intensity). Subjects were not users of mind-alter-
ing drugs or medications or supplements that inhibited sweat-
ing, altered thermoregulation, or affected neuropsychological
integrity. Subjects also did not have either type I or II diabetes
or Axis I psychiatric conditions. All subjects attended a brief
educational orientation session before the study to answer any
questions and field concerns. All subjects signed and filled out
a brief questionnaire regarding exclusionary criteria, and all
read and signed the informed consent form approved by the
university’s institutional review board, which also approved
the study.
Dehydration Fluid and Food Restriction Task
Dehydration was induced once for each subject during the
study using a basic, noninvasive, fluid-restriction model. Fluid
restriction is a common method of dehydration, even over pe-
riods of 24 and 37 hours.7 Participants were restricted from
consuming fluids and foods with high fluid content for 15
hours. Foods with high fluid content include but are not lim-
ited to soups, green salads, and fruits such as watermelon.
Before the restriction was imposed, participants provided a 2-
to 4-oz (59- to 118-mL) urine sample and were weighed to
note prerestriction measures of urine specific gravity (USG)
and mass. The participants recorded a log of their activities
and food and fluid consumption during the restriction. They
received a list of restricted food items as well as a helpful list
of items to consider consuming. Subjects were restricted from
alcohol and caffeine consumption and strenuous exercises dur-
ing the 15-hour restriction period.
Participants arrived at the research facilities the morning
after the 15-hour food and fluid restriction and consumed a
standard breakfast including 1 plain bagel, 1 T butter or 2 T
cream cheese, and half a banana.
Dehydration Exercise Task
Twenty minutes after consuming the standard breakfast,
subjects performed a 45-minute exercise task at 65% to 70%
of their Karvonen maximal heart rate on an upright stationary
bicycle, as measured by heart rate monitor (model F1; Polar
Electro Inc, Lake Success, NY).21 Participants used the initial
6 minutes of the 45-minute exercise task to reach their cal-
culated Karvonen target heart rates.
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Dehydration Level Determination
This protocol involved a combination of passive (fluid- and
food-restriction) dehydration and active (exercise) dehydra-
tion. A passive-active fluid restriction model was chosen to
avoid encouraging exhaustion in a prolonged exercise task.
The fluid-restriction period allowed hypohydration without the
need for additional exercise. This combination of active and
passive fluid restriction is realistic, as in our experience, some
athletes are hypohydrated, despite recommendations for per-
sonal fluid intake, before exercise. After the 45-minute exer-
cise task, participants rested for 25 minutes. During the rest
period, participants provided a second 2-oz to 4-oz urine sam-
ple for analysis and were weighed. The mass change from
prerestriction to postrestriction was calculated in percentage
points based on body mass using a formula derived from the
‘‘National Athletic Trainers’ Association Position Statement:
Fluid Replacement’’20 (mean negative body mass change 
2.50  0.63%) and USG (mean dehydrated USG  1.025 
0.004). Participants with a negative mass change equal to or
greater than 5% were disqualified from participation for that
session and immediately rehydrated.
Euhydration
Subjects performed the testing measures while euhydrated.
Fifteen hours before the first testing of euhydrated participants,
participants provided a 2- to 4-oz urine sample to match the
expected USG of a normally hydrated individual (1.020) and
were weighed. Euhydrated participants were restricted from
alcohol and caffeine consumption, as well as strenuous exer-
cises. They were encouraged to hydrate normally and eat a
light, basic breakfast before arriving for testing. Subjects were
given examples of consumables during personal communica-
tions before sessions and attached to their food logs. Imme-
diately before the testing session, euhydrated participants pro-
vided a second urine sample and were weighed to match the
expected USG and note any negative mass change. Partici-
pants with a negative mass change greater than 1.00% and a
USG greater than or equal to 1.020 (euhydrated USG  1.010
 0.006) would have been disqualified for the session, al-
though this did not occur. Once euhydration status was deter-
mined, subjects were tested on the same battery used in the
dehydration condition.
Data Collection
The first testing measure included was the Graded Symptom
Checklist (GSC).22 The GSC is a self-reported symptom scale
that assesses the presence of 18 concussion-related symptoms
and their severity using a 7-point Likert scale ranging from
asymptomatic (0) to mild (1) to severe (6). Concussive symp-
toms can be categorized into 4 clusters: cognition, somatic,
emotional, and sleep problems.23 We categorized the symp-
toms of the GSC into these 4 clusters.
The second testing measure was the Standardized Assess-
ment of Concussion (SAC),24,25 a brief mental status exami-
nation commonly used in the sideline evaluation of concussed
athletes. The SAC, which has previously been described in
more detail, tests domains of orientation, immediate memory,
concentration, and delayed recall.24,25 The GSC was admin-
istered between the concentration and delayed-recall portions
of the SAC. Two forms of the SAC were used (forms B and
C), one for each testing condition.
The third testing measure involved a computerized neuro-
psychological assessment called Automated Neuropsycholog-
ical Assessment Metrics (ANAM). The ANAM tests for re-
action time (Simple Reaction Time Test), mental processing
speed and mental efficiency (Math Processing Test), visual
memory (Matching-to-Sample Test), and working memory
(Sternberg Memory Test), as well as subjective fatigue (Sleep
Scale Test).26 Subjects self-administered ANAM following in-
structions on the computer screen. Measures were recorded as
throughput scores, which represent the correct number of re-
sponses per minute. The ANAM composite scores were cal-
culated by formulating a Z-score based on ANAM normative
means and SDs of an uninjured population. The composite
score was the sum of the Z-scores for the Simple Reaction
Time Test, Math Processing Test, Matching-to-Sample Test,
and Sternberg Memory Test. The Sleep Scale score is typically
excluded from the composite score, as it is a subjective fatigue
measure and not an assessment of a particular neuropsycho-
logical domain.
The Balance Error Scoring System (BESS),27,28 a sideline
measure of balance, was used to assess postural stability. The
BESS consists of 3 stances (double leg, single leg, and tan-
dem) using 2 surfaces (firm and foam). The foam surface was
a piece of medium density, 41.6  50.8  6.3-cm, foam (Bal-
ance Pad; Alcan Airex AG, Sins, Switzerland). Subjects were
videotaped during the BESS test; the tapes were later analyzed
by a single-blinded researcher for the number of errors com-
mitted. The BESS was scored based on the number of errors
executed. Errors included items such as moving out of the
testing position and opening the eyes. The BESS consisted of
a total error score as well as individual analyses of total errors
by stance and condition. High intraclass correlation coeffi-
cients for intratester (.87 to .98)28 reliability have been noted
in scoring BESS errors.
The NeuroCom Sensory Organization Test (SOT; Neuro-
Com International, Inc, Clackamas, OR)27,29 a more sophisti-
cated measure than the BESS, was an additional postural sta-
bility assessment. This assessment uses dual forceplates and
evaluates the integrity of the visual, somatosensory, and ves-
tibular domains. The SOT involves 18 trials under 6 conditions
(Figure 1). The SOT consists of a total composite score, as
well as individual analyses of the somatosensory, visual, and
vestibular ratios.
All tests were randomized for order. The SOT was further
randomized by condition. Although the principal investigator
collected all the data, the BESS trials were recorded and later
graded by an independent certified athletic trainer familiar with
administration of the BESS. The principal investigator ana-
lyzed all urine samples using a clinical refractometer (model
UNC-RE; Topac Inc, Hingham, MA) and directly observed all
pretest and posttest mass measures obtained using a digital
fitness scale (model BWB600; Tanita Corp of America Inc,
Arlington Heights, IL).
Data Reduction and Analysis
Data were analyzed using SPSS statistical software (version
12.0; SPSS Inc, Chicago, IL). An alpha level of 0.05 was set
a priori. In an effort to minimize the risk of type I error, we
made a number of corrections to our cutoff alpha levels. The
symptoms assessed with the GSC were categorized into 4 in-
dependent clusters: cognition, somatic, emotional, and sleep
problems. Our alpha levels were adjusted based on the number
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Figure 1. Six testing conditions for the Sensory Organization Test
used with NeuroCom Smart Balance Master. Reproduced courtesy
NeuroCom Intl, Inc.
Table 1. Subject Descriptive Information (N  24)
Minimum Maximum Mean SD
Age (y) 18.00 26.00 21.92 2.95
Height (m) 1.70 1.90 1.80 0.06
Mass (kg) 60.1 101.2 80.7 10.76
Percentage of dehydration 1.71 4.15 2.50 0.63
Urine specific gravity
(dehydrated condition) 1.020 1.036 1.025 0.004
Urine specific gravity
(euhydrated condition) 1.001 1.019 1.010 0.006
Table 2. Graded Symptom Checklist Symptom Clusters
Cognition Somatic Symptoms Emotional Symptoms Sleep Problems
Difficulty concentrating* Balance problems† Irritability Difficulty falling asleep
Difficulty remembering* Blurry vision Nervousness
Fatigue/drowsiness* Dizziness† Sadness
Feeling like ‘‘you’re in a fog’’* Headache†





*Significant difference in dehydrated score when compared with the euhydrated condition (P  .01).
†Significant difference in dehydrated score when compared with the euhydrated condition (P  .0056).
of symptoms included in each of these clusters. The cutoff
alpha levels were calculated by dividing the number of symp-
toms in a given cluster group into 0.05. As such, cutoff alpha
values were as follows: cognition (0.01), somatic (0.0056),
emotional (0.0167), and sleep problems (0.05). The adjusted
alpha level produced a more conservative analysis of the mea-
sured P values for symptom score and severity. Data from the
SOT were also analyzed using a Bonferroni-corrected conser-
vative alpha level of 0.0167 because all 3 domains are closely
related. Domains assessed in each test measure different fac-
ulties of cognition and neuropsychological performance and
are independent of each other, so no adjustment was made in
the analysis of the SAC and ANAM data. To address the re-
search questions, paired-samples t tests were carried out on the
collected data. Individual symptoms, total symptom score, and
number of symptoms reported were analyzed for any signifi-
cant differences between the euhydrated and dehydrated con-
ditions. Standardized t tests were also carried out for each
tested ANAM module (Simple Reaction Time Test, Math Pro-
cessing Test, Matching-to-Sample Test, Sternberg Memory
Test, Sleep Scale) and an ANAM composite score. Each com-
ponent of the SAC (Orientation, Immediate Recall, Concen-
tration, and Delayed Recall) and the total SAC score were also
analyzed using standardized t tests. Standardized t tests were
performed for the total BESS score and individual stance
scores (double-leg stance, single-leg stance, and tandem
stance) and the SOT composite and domain (visual, vestibular,
and somatosensory) scores.
RESULTS
Subject demographics are presented in Table 1. According
to body mass assessment, dehydrated subjects were dehydrated
between 1.71% and 4.15%. Body mass data were not assessed
for statistical significance, as they were not independently per-
tinent to the symptoms or neuropsychological and postural sta-
bility testing between the euhydrated and dehydrated condi-
tions.
Graded Symptom Checklist
The GSC was analyzed in the following ways: total number
of symptoms reported, total severity of the symptoms reported
(total symptom score), and severity of each of the individual
symptoms evaluated. Statistically significant symptoms be-
tween the test conditions are identified in Table 2. Figure 2
presents the means and SDs for these individual symptom
scores between the euhydrated and dehydrated conditions. Fig-
ure 3 presents a comparison of the total symptom severity
score and the total number of symptoms reported under each
condition.
Dehydration resulted in a significantly higher total symptom
severity score than euhydration (t23  7.673, P  .001).
Similarly, the total number of symptoms reported for the de-
hydration condition was significantly higher than that observed
for the euhydrated condition (t23  8.585, P  .001). Fur-
ther analyses allowed us to identify differences (dehydration
scoring worse than euhydration) for the following reported
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Figure 2. Mean Graded Symptom Checklist scores and hydration status. *Significant difference between the dehydrated and euhydrated
test conditions.
Figure 3. Graded Symptom Checklist total symptom severity, number of symptoms endorsed, and hydration status. *Significant differ-
ence between the dehydrated and euhydrated conditions (total symptom severity score: t23  7.673, P  .001; total number of symp-
toms: t23  8.585, P  .001).
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Table 3. Automated Neuropsychological Assessment Metrics
Module and Composite Scores (n  24)
Mean SD t P
Simple Reaction Time
Euhydrated 233.70 19.50
Dehydrated 236.22 20.91 0.678 .505
Math Processing
Euhydrated 26.44 7.40
Dehydrated 27.32 7.07 0.749 .461
Matching-to-Sample
Euhydrated 47.87 10.67
Dehydrated 43.15 10.74 2.130 .044*
Sternberg Memory
Euhydrated 89.92 12.83
Dehydrated 88.12 14.15 0.633 .533
Sleep Scale
Euhydrated 2.42 0.83
Dehydrated 3.92 1.10 7.880 .001*
Composite
Euhydrated 2.70 2.64
Dehydrated 2.44 2.67 0.685 .500
*Significant difference in the score of the dehydrated group compared
with the euhydrated group (P  .05).
Table 4. Standardized Assessment of Concussion Scores
(n  24)
Mean SD t P
Total Score
Euhydrated 28.42 1.35
Dehydrated 28.08 1.56 1.163 .257
Orientation
Euhydrated 4.88 0.34






Dehydrated 4.00 1.10 0.947 .354
Delayed Recall
Euhydrated 4.25 0.90
Dehydrated 4.38 0.82 0.592 .560
Table 5. NeuroCom Sensory Organization Test Means and
Standard Deviations (n  24)
Mean SD t P
Composite Score
Euhydrated 84.99 4.89
Dehydrated 83.04 5.74 1.389 .179
Vestibular
Euhydrated 0.78 0.08
Dehydrated 0.78 0.08 0.056 .956
Somatosensory




Dehydrated 0.89 0.07 1.88 .074
*Significant difference in the score for the euhydrated group compared
with the dehydrated group (P  .0167).
symptoms: balance problems (t23  4.824, P  .001), diz-
ziness (t23  4.097, P  .001), feeling slowed down (t23 
6.307, P  .001), feeling like ‘‘you’re in a fog’’ (t23 
4.263, P  .001), difficulty concentrating (t23  5.454, P
 .001), difficulty remembering (t23  3.969, P  .001),
fatigue/drowsiness (t23  4.709, P  .001), and headache
(t23  3.122, P  .005).
Automated Neuropsychological Assessment Metrics
Two differences were observed within the test modules of
the ANAM between testing conditions (Table 3). Participants
scored significantly lower when dehydrated in the Matching-
to-Sample module (t23  2.130, P  .044) and Sleep Scale
Test (t23  7.880, P  .001). Comparing the euhydration
and dehydration conditions revealed no significant findings in
the total ANAM composite scores.
Standardized Assessment of Concussion
There were no observable differences in the total SAC score
between the dehydrated and euhydrated test conditions (Table
4). Similar results were also observed for the individual test
modules.
NeuroCom Sensory Organization Test
The dehydrated condition did not result in any significant
impairment on the SOT (Table 5). We saw no differences in
the visual and vestibular ratios; however, the dehydrated con-
dition resulted in a statistically significant increase in perfor-
mance on the somatosensory condition compared with the eu-
hydrated condition (t21  2.623, P  .016). This difference
of only .02 is considered negligible and has no clinical mean-
ing.
Balance Error Scoring System
The dehydrated condition did not result in any significant
impairment of the BESS total scores or between stances or
surfaces (Table 6).
DISCUSSION
Ours is the first study to examine how dehydration affects
symptoms, neuropsychological performance, and postural sta-
bility as measured using common concussion assessment tools.
The most important finding of our study is that acute dehy-
dration resulted in greater symptom reporting and increased
symptom severity using the GSC compared with the euhy-
drated condition. Our subjects achieved dehydration at a mean
negative body mass level of 2.5  .63% and a mean USG of
1.025  .004. These values approach significant dehydration
and may be encountered in football athletes and those in
weight-restricted sports such as wrestling.20 Clinically, these
values can easily be objectified as a urine color of 3 to 6 by
a certified athletic trainer using a urine color chart.20
Reliance on self-report of symptoms as an identifying factor
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Table 6. Balance Error Scoring System Means and Standard
Deviations (n  24)
Mean SD t P
Total error score
Euhydrated 8.29 4.07







Dehydrated 1.25 1.29 0.000 1.000
Tandem stance
Euhydrated 0.33 0.76







Dehydrated 4.46 1.41 0.132 .896
Tandem stance
Euhydrated 2.21 1.38
Dehydrated 2.54 2.11 0.891 .382
in mild head injury is misguided, as our data suggest that
dehydration alone may cause symptomatic changes in our ath-
letes. We did not observe neuropsychological and balance per-
formance deficits between the dehydrated and euhydrated con-
ditions. Certified athletic trainers concerned about
differentiating between a dehydrated athlete and one who may
have sustained a head injury are strongly encouraged to carry
out the appropriate testing. A clinician must be prudent and
cautious, particularly in the first 15 to 24 hours after injury,
with regard to relying on symptom reports.
Symptoms
Of note is that the dehydrated subjects in our study reported
symptoms similar to those reported by concussed subjects in
previous research using the 18-symptom GSC.11,17 However,
symptom severity scores were lower than those typically as-
sociated with concussion.11,17 This disparity reinforces the
need to incorporate supplementary objective measures when
assessing concussions during seasons and in climates in which
dehydration may be affecting symptoms and perhaps also the
results of the overall concussion assessment.
The most commonly reported symptoms were those that
could be categorized into the cognitive and somatic clusters.
The 4 most commonly reported symptoms were feeling slowed
down (91.7%), fatigue/drowsiness (91.7%), difficulty concen-
trating (87.5%), and balance problems (75.0%). Headache and
dizziness were reported in 50.0% and 54.2%, respectively, of
subjects during the dehydration condition. Symptoms com-
monly reported while dehydrated are similar to those com-
monly reported after concussion.9,30 Comparatively, the liter-
ature shows that 86% of athletes with concussion reported
headache, 67% reported dizziness, and 59% reported confu-
sion as common symptoms.11 The symptoms reported under
the dehydration condition were also consistent with the find-
ings of authors examining the signs and symptoms of dehy-
dration and thermal illness.5,6 Therefore, it is important to un-
derstand that these symptoms suggestive of central nervous
system dysfunction are similar to those of heatstroke, which
cannot be hastily ruled out in cases of dehydration during on-
field assessments. This issue further emphasizes the difficulty
in differentiating between concussion and exertional heat ill-
ness during field assessments. Athletic trainers must consider
differentiating these conditions by assessing for anterograde or
retrograde amnesia, which are clearly distinguishing factors in
making a differential diagnosis between concussion and heat-
stroke. These data suggest that the symptoms of moderate de-
hydration and concussion are quite similar; the severities of
these symptoms often fall within the mild to moderate range
in both conditions. Perhaps it is important to focus more at-
tention on symptoms such as confusion/disorientation, foggi-
ness, and difficulty remembering when assessing concussive
injury, rather than anticipated symptoms such as headache and
dizziness. Based on our findings, dehydration affects cognitive
symptoms more than any other cluster. This is important as
symptoms such as confusion/disorientation, fogginess, and dif-
ficulty remembering have been more linked to central nervous
system dysfunction and are sensitive in discriminating between
concussed athletes and nonconcussed athletes.16,17
Neuropsychological Performance
We saw no differences between the euhydrated and dehy-
drated conditions on the composite score of ANAM, which
included Simple Reaction Time, Math Processing, Matching-
to-Sample, and Sternberg Memory. Our findings suggest that
dehydration did not affect the neuropsychological domains of
reaction time, mental processing speed, mental efficiency, and
working memory. The lack of significant difference in reaction
time is consistent with current findings on reaction time and
dehydration.4 With regard to the lack of appreciable change in
neuropsychological function, investigators examining the re-
lationship between hormones and neuropsychological perfor-
mance suggest the plausibility of the interaction of arginine
vasopressin (antidiuretic hormone) with improved neuropsy-
chological performance.31–34 Arginine vasopressin, which is
secreted in response to dehydration, may positively facilitate
memory functions including learning and retrieval.31–34
Recent findings that cognitive motor function, including re-
action time, is not affected by passive dehydration at moderate
levels (2.6% dehydration by body mass) also support our re-
sults.4 Consistent with our results, Cian et al18 showed that
moderate dehydration did not impair reaction time tasks. Cian
et al,18 however, found short-term memory and decision-mak-
ing speed were compromised after acute dehydration (exercise
and thermally induced dehydration within 0.5 to 2 hours), but
these changes were transient, lasting only up to 3.5 hours.
Contrary to our findings, authors investigating primarily motor
functions and mathematical processing did identify significant
detriments in mathematical processing performance under de-
hydrated conditions.4,19
The individual modules of Matching-to-Sample and Sleep
Scale did reveal significant decrements under the dehydrated
condition compared with the euhydrated condition. The former
decrement indicated that visual memory was impaired in de-
hydrated subjects. The latter finding is consistent with subjec-
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tive estimates of fatigue in men dehydrated via passive or ac-
tive dehydration (2.8%).18 An increase in Sleep Scale score in
the dehydrated condition indicated an increase in subjective
appreciation of fatigue and tiredness. This increase in subjec-
tive fatigue measures may have implications for dehydrated
athletes, as it is generally accepted that a fatigued athlete is
more likely to sustain an injury. Injury mechanisms can in-
clude poor technique, decreased strength, and impaired coor-
dination, all related effects of dehydration.
The lack of composite neuropsychological deficit as a result
of the dehydration is supported by findings that acute bouts of
submaximal and moderate physical activity facilitate infor-
mation processing and cognitive function.2,35 These results
suggest that overall neuropsychological performance, as mea-
sured by a computerized neuropsychological assessment, was
unaffected by moderate dehydration.
In addition to the ANAM, the SAC allowed an assessment
of the subjects’ mental status. We saw no significant differ-
ences between the dehydrated and euhydrated conditions on
the overall SAC score or its domains (orientation, immediate
memory, concentration, and delayed recall). These findings are
consistent with those on the ANAM. Furthermore, these find-
ings support the 95% sensitivity and 76% specificity of the
SAC in identifying concussed and nonconcussed athletes.25
Our results suggest that the SAC score and mental status are
unaffected by moderate dehydration induced with a combined
passive and active dehydration protocol.
Postural Stability
No differences were noted between the euhydrated and de-
hydrated conditions with regard to the SOT composite score.
The dehydrated condition did show a slight decrease in per-
formance, but this was not clinically significant on comput-
erized dynamic posturography. The vestibular and visual do-
mains of the SOT did not reveal any significant difference
between conditions, unlike the somatosensory domain. This
significant difference indicated improved performance under
the dehydrated condition. This improvement is difficult to ex-
plain, but we hypothesize the exercise task improved lower
extremity somatosensory integrity as a result of muscle acti-
vation; future work in this area is required to ascertain the
validity of this assumption. Nonetheless, this significant dif-
ference lacks clinical value. With regard to postural stability
measured using the BESS, no difference was found in total
error scores among conditions or errors per stance or surfaces
between the euhydrated and dehydrated conditions. Our find-
ings suggest that as measured using the SOT and BESS, pos-
tural stability is unaffected by dehydration in the manner and
level induced in this study, further supporting its use in as-
sessing concussion.
Our results are consistent with studies showing that passive,
thermally induced dehydration does not affect postural stabil-
ity and contradictory to findings on active, exercise-induced
dehydration showing deficits in postural stability.1 Derave et
al1 noted that, when thermal dehydration was induced, no sig-
nificant difference between the euhydrated and dehydrated
conditions was seen for a 30-second double-leg and tandem
stance. When subjects in their study were dehydrated by an
exercise bout (2 hours, followed by 20 minutes rest), differ-
ences between the exercising, fluid replacement condition and
the exercising, no-fluid replacement condition were evident.1
The mean dehydration level reported was 2.7  0.4% by body
mass for the exercise fluid replacement and no-fluid replace-
ment conditions.1 The authors also investigated thermal de-
hydration through dehydrating subjects in a sauna again (2.7
 0.4% dehydration) and, similar to the results noted for the
BESS, no differences were noted compared with control val-
ues obtained 3 days before the experiment.1 Noteworthy is that
Derave et al1 used a small subject pool (4 subjects for exercise
bouts, 8 subjects for sauna dehydration), and they only ana-
lyzed the better of 2 trials of the postural stability tasks, which
may account for their lack of significant findings. As afore-
mentioned, BESS performance was not affected by moderate
dehydration (2.5  0.63%) in our study, and this is particularly
important to the clinician, as similar levels of dehydration are
encountered on the sidelines.20 These findings suggest that the
BESS is a suitable, practical, inexpensive measure of postural
stability unaffected by passive and actively induced dehydra-
tion.
Potential Limitations
Although USG is a valid and clinically accepted measure
of hydration status, plasma volume analysis remains a more
accurate measure. Another limitation was that hydration status
during testing was not static. Testing did occur in a thermo-
neutral environment, but the involved tasks may have induced
trivial fluid losses through the sweat mechanism. Furthermore,
although the passive fluid restriction mimicked the condition
of a hypohydrated athlete before performance, the exercise
task and conditions were not totally comparable with those
encountered in many athletic settings.
With regard to the BESS, some subjects admitted practicing
on their own after their first session. Additionally, many sub-
jects noticed after their first session that they were able to
control the amplitude of movement offered by the SOT. Form
A of the SAC was not used in this study, as some subjects
had previous exposure to the form. Forms B and C were used
for the euhydrated and dehydrated conditions, respectively. It
has been reported that adolescent subjects tend to perform bet-
ter on form C than form B, but these differences have not
been noted in our experiences using form C in the collegiate
population.
As for the exercise task, a more accurate measure of inten-
sity would have been through a V̇O2max assessment and sub-
sequent V̇O2 spirometry during the exercise task. Given the
resources, heart rate measures and the Karvonen equation for
target heart rate were best suited for this study.
Subjects’ diets were controlled using restricted and allow-
able food lists and food and fluid diaries. Participants were
asked to strictly control their diet and activity 15 hours before
testing and complete an activity, food, and fluid log. Subjects
were given firm guidelines for food and fluid restriction. They
were also required to abstain from caffeine, alcohol, and stren-
uous exercise during the 15-hour period before the testing ses-
sions. A potentially limiting factor is that subjects may have
exercised some variability in recording the food and fluid
items consumed as well as exercise activities they may have
participated in before the testing sessions. Before the euhydra-
tion condition, they were asked to consume a light breakfast
and record consumption using the food and fluid logs. Al-
though all subjects reported eating breakfast items such as
waffles, eggs, and juice, if a subject misreported the con-
sumption of foodstuffs, it is plausible that he was hypogly-
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cemic at the commencement of the session, potentially affect-
ing testing outcomes.
Prospective Related Research
Although symptoms changed, our objective neuropsycho-
logical and postural stability measures were unaffected by de-
hydration; however, this finding does not rule out a possible
relationship between dehydration and increased risk of con-
cussion. To our knowledge, this facet of concussion and de-
hydration research is untapped, but it deserves attention. Cur-
rently, an undefined relationship between dehydration and
concussion is noted, with increased concussion rates in sports
such as wrestling, a sport often associated with drastic dehy-
dration methods.36,37 Physiologically, a neurometabolic link
exists between dehydration and concussion in terms of glucose
utilization and detrimental microvascular responses.12–14
Further research is needed to solidify the strength of our
current concussion assessment tools and their resistance to de-
hydration and other potential confounders. Additionally, study
is needed to note dehydration’s involvement in the predispo-
sition to, or increased severity of, concussive injury. These 2
areas of investigation, until now, have been examined inde-
pendently. It is crucial to study the relationships between de-
hydration and concussion. Evaluation of this relationship may
reveal improved assessment techniques, injury treatment, and
prevention measures for those sustaining concussive injury.
CONCLUSIONS
Despite the advancements in concussion assessment and an
understanding of recovery patterns consistent with the neuro-
physiologic effects of concussion, some clinicians rely heavily
on symptom reports and severity. Our study suggests that, al-
though objective assessment measures were relatively unaf-
fected by moderate dehydration, symptom reports were appre-
ciably skewed. This finding may imply that reported
concussion symptoms as a result of injury are not as severe
due to the potential involvement of dehydration, but the pru-
dent clinician will rely on neuropsychological assessments,
brief mental status examinations, and postural stability assess-
ments to reinforce the physical evaluation. The certified ath-
letic trainer should rely with confidence on inexpensive, ob-
jective clinical sideline tools such as the SAC and BESS, when
differentiating concussion and dehydration-related illness, as
both are insensitive to changes induced by moderate dehydra-
tion.
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